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The Uranium In-Situ Solution Mining Process (aka ISL or ISR)
Uranium ore may exist in drinking water aquifers from where it can be mined using an In-Situ Solution Mining Process.  An oxidizing mining
solution is injected through Injection Wells, and the generated uranium rich solution is pumped to the surface through Production Wells.
Injection and Production Wells may be arranged in regular patterns within designated “Wellfields”.  The injected mining solution may impact
the aquifer in all directions around the injection wells (radial flow may be possible inside the aquifer’s rock formation, see Slide 3).

A ring of Monitoring Wells is installed around the Injection and Production Wells to assist in verifying that no mining solutions flow outside the
boundaries of the intended mining area (verification of no excursions).  Water Quality is determined at these Monitoring Wells (MWs) and other
locations (using Baseline (BL) Wells), prior to the initiation of mining operations, in order to determine the aquifer’s baseline (pre-mining) Water
Quality conditions.

Slides 4, 5 and 6 illustrate an oxygen supply system, a portion of a field’s mining solution and oxygen distribution system and Injection and
Production Wells (see highlighted wellheads).

The map in Slide 8 illustrates an actual Uranium in-situ Solution Mining operation: Production Area No. 3 (PA-3) at the Kingsville Dome (KVD)
mining site in Kleberg County, TX.  Based on this map, it can be said that in this operation the wells are not arranged in a regular pattern (Slides
3 and 7).  Slide 9 illustrates a portion of the map in Slide 8.  It provides a closer look at the Monitoring Wells and the Injection and Production
Wells.  It also illustrates the location of some Baseline Wells inside a “Wellfield” (presumably, an ore rich portion of the aquifer).

The Cross Section seen in Slide 10 illustrates the Pressure Gradients that should ideally be present within the mining area in a “Well Run” in-situ
Solution Mining Operation.  The above Pressure Gradients need to be carefully controlled in a way that prevents the movement of Mining Area
Fluids past the Monitoring Wells (no excursions).  In order to accomplish this, wells must be strategically located and injection and production
rates must be carefully controlled so that critical flow patterns within the aquifer can be induced and maintained.  Also, there must be an efficient
Water Quality Monitoring Program in place for the Monitoring Wells, so that excursions can be detected.  In addition, defining valid constituent
Upper Control Limits is critical to the efficiency and success of the Water Quality Monitoring Program.

A “Well Run” uranium in-situ solution mining operation should result in the recovery of an essential energy mineral (seen in Slide 11) without
detriment to ground water resources of drinking quality, which are indispensable for supporting healthy life in the surrounding areas.
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Oxygen Supply Vessels
4



Mining Solution and Oxygen Injection Manifolds
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Uranium Mining Class III Injection and Production Wells
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Aquifer Water Quality

Baseline Wells located

in ore rich segment of

Aquifer.

Segment of Well Field 15b of PA-3 in the KVD uranium mining site, Kleberg County,

illustrating the location of two Water Quality Baseline Wells.

Lixiviant (Mining Solution) Injection Well
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The Garcia Hill Area and Production Area No. 3 (PA-3) of the
Kingsville Dome (KVD) Mining Site, Kleberg County, TX

The KVD mining site is located just East of the town of Ricardo in Kleberg County, Texas.  Uranium in-situ solution mining operations at this site have
taken place in the Goliad Aquifer.  This aquifer is part of the Evangeline Aquifer, found within the Gulf Coast Aquifer (see Slide 13).  Within the
potentiometric surface illustrated in Slide 14, cones of depression (red arrows) can be seen, which point to the ground water operations that supply
the cities of Victoria, to the North, and Kingsville to the South. The KVD site is located (see Slide 15) within the city of Kingsville cone of depression.

Slide 16 illustrates the site’s permitted area and the red arrows point to the location of the drinking water supply wells of most interest to this work:
Garcia Hill wells W-20, W-24 and W-25.  Slide 17 shows the Garcia family’s acreage adjacent to the mining site.  Pictures of the above wells’ locations
can be seen in Slides 18, 19, 20, 21 and 22.

The mining site is operated by Uranium Resources, Inc. (URI).
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Potentiometric Surface
Evangeline Aquifer
1990
(After R. Hay, 1999 (1))

On this Map:

Cones of Press.

Depression

(Drawdown) at

Victoria and

Kingsville
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The red arrow points to the approximate location of the Kingsville Dome (KVD) Mining Site

 KVD Mining SiteO



16Red arrows point to the location of the Garcia Hill Water Supply wells of interest.



17(The location of the Garcia Hill water supply wells is marked by the red circles)



Garcia Hill Well W-24 and Ground Water Production Gathering Station

Red arrow points to the location of GH’s original water supply well.
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Garcia Hill Well W-25  - 02/11/2002
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Garcia Hill W-20’s Wellhead as seen on July 16, 2012
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Garcia Hill Community

Concrete Water Storage Tank

Approximate Location
of GH W-25
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Garcia Hill W-20
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Slide 24 illustrates the location of the Production Areas that make up the KVD mining site.  Uranium concentrations in the ground water
produced at the Garcia Hill wells W-24 and W-25 have increased above baseline conditions since 1997, North and downgradient of KVD’s
PA-3.  The analysis of field data, following citizens’ complaints, brought up suspicions of a possible connection between the mining operations
at PA-3 and the observed increased uranium concentrations in the Garcia Hill drinking ground water.

Slide 25, a replica of Slide 8, shows the location of PA-3’s Wellfields.  The red arrow in Slide 25 points to the approximate location of the Garcia
Hill community.  Slide 26 illustrates the uranium concentration history in the Garcia Hill ground water provided by the mine operator, URI, in
August, 2013. The double headed arrows in Slide 26 show the periods during which mining operations were conducted in the Wellfields illustrated
in the map in Slide 25.  Slide 27 also illustrates the uranium concentration history of the Garcia Hill ground water, based on data provided by Dr.
Richard Abitz on 10/21/12.  The schedule of operations detailed in Slides 28 and 29 was used to complete the graph in Slide 26.

The ground water uranium concentrations history seen in Slides 26 and 27 indicates that the first abrupt change in concentrations followed intense
exploratory drilling operations in the area.  The second abrupt change in uranium concentrations was observed some time after mining
operations had taken place in Wellfields 9 and 10.  The above information suggests that the impact of subsequent mining operations on the
ground water uranium concentrations has not been detected at Garcia Hill as yet.  Seven Wellfields were mined after operations were suspended
at Wellfields 9 and 10 in PA-3, and another abrupt change could potentially be added to the curve in Slide 26, should Water Quality monitoring
be continued through the years at, or near, the GH W-24 well.
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Well Fields in

Production Areas

1, 2 and 3 at KVD

Uranium Mining

Site

Garcia Hill - Approximate Location
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Schedule of activities at Production Area No. 3

(PA-3) at the Kingsville Dome (KVD) U mine as

of 03/12/2009.



29



30

Slide 31 provides a summary of inter-well distances, developed as a guide for the selection of wells for which Gamma Ray Logs, water quality data
and other information pertinent to this data review might be available.  The group of wells for which Gamma Ray Logs were analyzed in the course
of this data review are highlighted by the arrows in the map in Slide 32.

Slide 33 confirms the location of the Production Areas and Wellfields seen in Slide 24 within the cone of depression created in the Goliad Aquifer by
the city of Kingsville’s ground water supply system.  It can be seen in this slide that the overall effects of a disturbance (a pressure drawdown due to
water production in this case) introduced into the aquifer has an impact in all directions around the point of water production.  In other words, these 
data show that a radial flow pattern is approached when water supply wells, completed in the Goliad Aquifer in this area, go on production.

The cross section seen in Slide 34 illustrates the formations of interest in this data review.  Sands A and B are the uranium producing zones in PA-3.
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Estimated distances

between Garcia Hill

Wells and Key Locations

at North end of PA-3



Figure 2

Arrows point to wells for which
Uranium ore grade, as %U3O8,
has been determined.

W-20

W-24

W-25
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Operator’s Zones ID:

AA-27 AA-30

Resistivity 

SP 

GR 

 C Sand:

 B Sand:

 A Sand:

 AA Sand:
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The Goliad Aquifer’s
Baseline Water Quality
in the Garcia Hill Area

Part I
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The baseline Water Quality conditions for the Garcia Hill community’s ground water has been established on the basis of lab determination of Natural
Uranium concentrations in mg/L.  However, as can be seen in Slide 37, at times concentrations are given either in mg/L U3O8 equivalent, or in µCi/mL.
Slides 38 and 39 illustrate how those reported results have been converted here to (mg Natural Uranium/L) for the purpose of this data review, and so
that valid Water Quality comparisons can be made.

Slide 40 shows the current status of the first known Garcia Hill water supply well.  The 1988 water sample, whose Lab results are illustrated in Slide 41, was 
collected at this well.  This Lab report, along with the one seen in Slide 42, is part of the data set that has played an important role in establishing the 
baseline Water Quality conditions in the Goliad Aquifer in the Garcia Hill area.

The well seen in Slide 40 was plugged and abandoned (P&A’d) when URI converted its exploratory well 1627 to a water supply well (the GH W-24 well) in
1989. The Lab results seen in Slides 41 and 42 are plotted as the initial points in the graph in Slide 43, and are considered representative of the baseline
Water Quality conditions at Garcia Hill, a determination validated through the analysis of a substantial amount of engineering data, as shown below.

The bar graph seen in Slide 44 depicts the Water Quality analysis results for a set of PA-3 Monitoring Wells located along the North border of the Monitoring 
Well Ring, all in the vicinity of the Garcia Hill area.  The lab results for seven of these wells, documented in the operator provided map seen in Slide 45 and 
illustrated in Slide 46, stand below, or near, EPA’s Uranium MCL of 32 µg/L.

Slide 47 illustrates the lab results for a Goliad Aquifer sample from a city of Kingsville Public Water Supply Well gathered on 9/12/2012.  The reported 
Uranium concentration of 8.0 µg/L falls within the range of those observed in the Garcia Hill area before the aquifer was disturbed.  The city of Kingsville 
facility where the sample was obtained, “EP004”, is seen in Slide 48.



37



0.05 *{ * * } 0.042=

Converting a Concentration Given as (mg U3O8/L) into (mg Natural U/L) Equivalent
(Natural Uranium has been assumed to consist of 100% U238 in the shown example)
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Converting Alpha Spectroscopy Results Reported in µCi/mL to (mg Natural Uranium/L)
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40

Top view of the irregular concrete slab marking the location of the original GH W-24.  The well had a TD of “700 to

800 Ft”, per the Garcia family.  It was P&A’d in 1989 at the time URI drilled and converted the replacement W-24.
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03/31/88

Re: Exploratory drilling took place at KVD between 01/07/96 – 06/05/97
“A total of 1046 exploratory wells were drilled prior to 02/28/1997”, per citizen’s account.

Lab Report for Garcia Hill Well prior to Above Exploratory Drilling

Natural Uranium Concentration
this sample:                                         0.011 mg/L

 Below MCL
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Monitoring Wells MW-81 through MW-93, located near GH, show water Uranium content at or below MCL.

Uranium concentrations in
water samples from the
North Monitoring Wells
(the closest to Garcia Hill and
to this work’s selected wells)
stood at near or below the
standard of 30 µg/L.



Handwritten PA-3 Water Uranium Concentrations for North Monitoring Wells, Near Garcia Hill
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Pre-Mining Uranium Concentrations in PA-3’s Northernmost Monitoring Wells
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The Goliad Aquifer’s
Baseline Water Quality
in the Garcia Hill Area                    

Part II



50

Like Slide 32, Slide 51 illustrates the wells for which GR Log analysis was conducted (see arrows).  The GR Log analysis work performed for these wells
was described in detail in an 11/21/14 (141121….) document provided to the Kleberg County citizens who requested technical assistance with
information on uranium ore grades in the Garcia Hill area.  A summary of the estimated uranium ore grade values, expressed as %U3O8, for these
wells is shown in Slide 52.

The information in Slide 53 was used to develop an idea of the meaning of the above estimated ore grade values by comparing them to ore grade values
that define an economically viable Uranium mine.  The bar graph in Slide 54 helps understand how close each one the above wells came to being in a
Uranium mine, in the sense described in Slide 53.

The information in Slide 53 also helps visualize the connection between the observed Uranium concentrations in the ground water and the estimated
grade of the ore present in the formation containing that water, that is, before the aquifer was disturbed.  Based on these observations, it can be said
that the estimated uranium ore grade values validate the estimated baseline Water Quality conditions in the area where these wells are located, the
Garcia Hill area, and the assessment that this is drinking water.

Slide 55 illustrates how the uranium ore values computed during this data review exercise compare to those values computed by consulting firm
Computer Logging Incorporated. This exercise most definitely validates the used engineering evaluation approach for determining uranium ore grades
from GR Logs.  Details on the hereby used evaluation approach, contained in an Excel computer program, are provided in Slides 56 and 57.



Figure 2

Arrows point to wells for which
Uranium ore grade, as %U3O8,
has been determined.

W-20

W-24

W-25
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Table II.- Summary of Highest Uranium Ore Grade Values Estimated from GR Log Readings for the Selected Garcia Hill Area Wells
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
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%U3O8
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ORE GRADE AND GRADE-THICKNESS CALCULATION
Background to Background Method (Continues)
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ORE GRADE AND GRADE-THICKNESS CALCULATION (Concluded)
Background to Background Method
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PA-3 Documented Fluids Flow
The pictures in Slide 59 illustrate the diffusion and attenuation patterns for a disturbance introduced into a homogeneous medium.  The footprint of 
injection and production wells in an aquifer may approach a similar pattern if the formation is relatively homogeneous, isotropic.  In other words, the
flow pattern of fluids, whether being injected or withdrawn, may approach a radial flow pattern.  If this is the case, the well’s footprint in the aquifer
may approach the appearance of a circle, as opposed to that of a cigar, which may exist in the presence of extreme heterogeneities in the aquifer rock
and other factors.

A 48 hour pumping test was performed in KVD’s PA-3 in order to determine whether or not the Monitoring Well Ring would be effective in the detection
of excursions.  The locations of the wells used in the Pumping Test are illustrated in the map in Slide 60 (see arrows).  The Tables in Slides 61 and 63
provide the drawdown data gathered during the test, and the maps in Slides 62 and 64 illustrate possible flow paths for the produced water, based on the
data from the above Tables.

An analysis of the above data indicates that, during the pumping test, the water flowed to the pumped wells in a pattern very close to that of radial flow. 
This means that Goliad Aquifer wells at PA-3 are likely to impact the aquifer in every direction around each well.  This fact should not come as a surprise in
light of the drawdown effects observed throughout the Goliad Aquifer in the Kingsville area (see Slide 14, observe blue circle in Slides 33 and 65).

The fluid flow information gathered through the execution of the above pumping test is more than enough to infer that the Goliad Aquifer in the Kingsville
area has a very large transmissibility, a fact that has been pointed to by several researchers.  Slides 98 and 99 illustrate the development of an estimate
of permeability for the Goliad Aquifer in Kleberg County using an Excel computer program, and based on the results of well pumping tests.
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URI’s PA-3, Kleberg Co., TX (2011 Map)

Monitoring Well Ring and Well Fields

(Not all Well Field Wells Shown)

Red Arrows Point to Location of Wells Used 

in Production Area’s 48 hr. PUMPING TEST

of 05/30/97 – 06/03/97

60

BL-8503
(aka BL3-3)

86 GPM

106 GPM
BL-8506
(aka BL3-6)

103 GPM
BL-8508
(aka BL3-8)
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Proof of Fluid Movement Past Monitoring Wells Provided by
Fluid Level Monitoring
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The cross sections in Slides 68 and 69 have been borrowed from the analysis of a deep injection well in order to illustrate a point regarding the analysis
of mining operations at PA-3.

If one momentarily overlooks the effects of the pressure gradient in the Goliad Aquifer, then, in the absence of any other additional well operations,
the pressure profile of the aquifer might look something like the figure in Slide 68.  Slide 69 illustrates what the aquifer’s pressure distribution might
approximately look like in a segment of the aquifer after one injection well has operated for some time.

It is very important to keep in mind that these graphs, like the one in Slides 10 and 70, are not to scale, and that no effort has been made to account
for the effects of the very real aquifer pressure gradient, whether natural or induced by well operations.

It was previously stated that, in the case of a Well Run in-situ solution mining operation, the aquifer’s pressure profile in the area between an Injection
and a Monitor Well should be expected to look like the one illustrated in Slides 10 and 70.  That is, the Production Well should create a pressure sink
between the injector and the Monitor Well.  In the absence of such pressure sink, said aquifer’s pressure profile might look like the one seen in Slide 69
(lets not forget, we are temporarily overlooking aquifer pressure gradient effects).

The pump test discussed above is one of the positive aspects of the operations at PA-3.  One other positive aspect was the adoption of a Monitoring
Well Fluid Level Monitoring Program.  It did not come automatically but, without it, the analysis below might not have been possible.

The fluid level data and analysis shown below appear to indicate that at PA-3 the prevailing pressure profile must have looked something like the one
illustrated in Slide 69.  Well, the observed rise in fluid levels might have been more dramatic should the public water supply system in the city of
Kingsville have gone down for an extended period of time.
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The PA-3 mining activities schedule seen in Slides 72 and 73 appear posted on the map in Slide 74, next to their corresponding Wellfields, in order to better
call attention to the character of the fluid movement patterns in the aquifer during mining operations.  The blue arrows seen in this Slide point to the
Monitoring Wells for which periodic fluid level measurement data were tabulated for a period of time, and were made available by Mr. George Rice.
It is thanks to having identified these fluid level monitoring data and data gathering points, along with the Wellfields periods of operation, that it has been
possible to infer how some of the fluids moved within the aquifer during mining operations.  Requests for well count and well identification data for PA-3,
which might have helped refine this analysis, were unsuccessful.

Slide 75 illustrates the concept of time lapse imaging.  The fluid level data for MW-91 (see blue arrow in Slide 74) seen in Slide 76 was provided by Mr.
George Rice.  These data have been presented as a time lapse image for this well in Slide 77.  The same well is shown at different points in time (elapsed
time is posted near the wellhead), and the observed fluid level change in the well is shown as a brown bar in the well schematic.

Double headed arrows below the well images show the period during which mining operations took place in a given Wellfield.  The label on the double
headed arrows identifies the Wellfield.

Observation of the Wellfield and well locations on the map, along with the observation of the occurrence of brown bars in the image conveys an idea
of how far injected fluids may have traveled and for how long.  In other words, the picture of an excursion has been painted by the time lapse image.  The
presence of the brown bars in this image attests to the implementation of injection activities on one hand, and to the absence of a pressure sink associated
with them on the other hand.

Mr. Rice’s data seen in Slide 78 has also been illustrated using the time lapse images shown in Slides 79 and 80, thus painting additional pictures of
excursions at PA-3.

Another group of Monitoring Wells for which fluid level data were available is seen in the map in Slide 81 (see arrows).  These data were also provided by
Mr. Rice and appear tabulated in Slide 82 and have been illustrated using well schematics in Slide 83.  In this case, Mr. Rice’s average of the measured changes
in each well’s fluid level has also been shown as a brown bar in the well schematic.

A quick look at the location of the wells of interest in the map in Slide 81 (see arrows) confirms the already stated fact that, in this area of the Goliad Aquifer,
wells can impact the aquifer in every direction (meaning that radial or nearly radial flow is generally achieved).

The stratigraphic columns in Slide 84 are provided to help better visualize and understand the fluid flow system at PA-3 and surrounding area.
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Schedule of activities at Production Area No. 3

(PA-3) at the Kingsville Dome (KVD) U mine as

of 03/12/2009.
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Details on
Well Fields’
Mining Schedule
at Production
Area 3 (PA-3).

GH=Garcia Hill

74

02/12/07 – 12/07/07

07/19/07 – 06/19/08

01/18/08 – 06/17/09

06/09/98 – 04/02/99

07/29/98 – 04/02/99

12/22/07 – 07/09/08

07/10/08 – 06/17/09

04/22/08 – 10/07/08

10/08/08 – 06/17/09

GH

No Mining Yet



An Example
Of Time
Lapse
Imaging
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URI’s PA-3, Kleberg Co., TX (2011 Map)
Monitoring Well Ring and Well Fields

(Not all Well Field Wells Shown)

Red Arrows Point to Monitoring Wells
With Documented Rise in Fluid Levels.
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Proof of Fluid Movement Past Monitoring Wells Provided by
Water Quality Analysis



86

The bar graph shown in Slide 87 and the tabulated water analysis results seen in Slide 88 attest to the quality of the ground water in the area near Garcia
Hill as that of drinking water, which calls for protection.  These data could have assisted in setting meaningful Upper Control Limits for in-situ solution
mining operations at PA-3, which would have made possible the early detection of excursions.  The data in Slide 89 show that it was common field
practice to overlook every lab result that indicated Uranium concentrations below 1.0 mg/L.

The Water Quality reports seen in Slide 89 are samples of the data source for the table in Slide 90, a portion of which was used by Mr. Rice to prepare
his bar graph for five Monitoring Wells, which is shown in Slide 91.  His graph highlights the presence of excursions at PA-3.

The twelve Monitoring Wells for which Water Quality Data are shown in Slide 90 are highlighted in the map in Slide 92.  As was the case with the fluid
level monitoring data, these Water Quality data speak loudly of the movement of fluids in the aquifer during mining operations at PA-3.

Dr. Abitz’s 10/21/12 table in Slide 93 also points to the drastic changes in Uranium concentrations observed at several Monitoring Wells at PA-3,
concentration changes that can only be explained through the admission to the presence of excursions.  Dr. Abitz also provided the correlations between
Radium and Uranium concentrations seen in Slide 94, and derived from the lab work at KVD.

In summary, the reviewed field data indicate that mining solutions from KVD’s PA-3 operations have migrated into non-exempted portions of the Goliad
Aquifer.  This conclusion stands regardless of whether one looks at the Uranium concentrations history depicted in Slide 95 or Slide 96.  They both equally
speak of the same chain of events at PA-3 that led to the results that we know today. 

Some other private drinking water supply wells might be impacted in years to come by the high uranium concentration solutions now migrating through
the aquifer (see Slide 17).



87
Monitoring Wells MW-81 through MW-93, located near GH, show water Uranium content at or below MCL.
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URI’s PA-3, Kleberg Co., TX (2011 Map)
Monitoring Well Ring and Well Fields

(Not all Well Field Wells Shown)

Red Arrows Point to Monitoring Wells With
Documented Increased Uranium Concentrations.
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Permeability Values for the Goliad Aquifer

The graph in Slide 98 presents the pressure distribution about a production well for four time periods.  The graph was developed based on the
results of a Goliad Aquifer well’s pumping test in Kleberg County, and presented in the Texas Water Development Board Report No. 173 of 1973.

An estimate of the Aquifer Permeability has been obtained through the use of a solution to the diffusivity equation in order to match the
Drawdown Value highlighted by the red arrow in the graph, that is, the pressure drawdown in the aquifer at 100 feet from the well, after 365 Days
of operation.  A Permeability Value was estimated using the Excel computer program illustrated in Slide 99.

As seen on Slide 99, a Permeability-Thickness (kh) of approximately 1.1 x 106 md-Ft was indicated, which, based on information provided in the
TWDB Report, translates into a Permeability Value of approximately 4980 md.
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500 {* }* * = 17143

Converting a Flow Rate Given in Gals/min to Bbl/Day


